Heat vulnerability is increasing owing to climate change, aging and urbanization. This vulnerability may vary geographically. Our study examined the prevalence and distribution of risk and protective factors of heat-related outcomes among older adults across three health regions of Southern Quebec (Canada).
increase given demographic changes. In Quebec, 11.7% of the population was aged 65 years and over in 2011, a proportion projected to reach almost a third of the population by 2056. 8 In 2011, 78% and 85% of older adults aged 65-74 years and 75 years and over respectively lived in urban areas. 9 Urban areas tend to have fewer green spaces and more impervious cover, which contribute to the urban heat island (UHI) effect. 10 Urbanization thus increases the probability of being exposed to higher temperatures. 1 Because adverse heat-related health outcomes is a growing public health problem, it is essential to identify and support people deemed most at risk based on factors that positively or negatively influence their heat vulnerability. These factors mainly include medical (e.g., cardiovascular disease, diuretic use), social (e.g., living alone, low income) and environmental (e.g., high land surface temperature) predictors.
Few Heat Vulnerability Indexes (HVI), summarizing social and environmental predictors of heat vulnerability [10] [11] [12] and, more rarely, medical risk factors 10 and protective factors, 10, 11 have been created. In Quebec, a social vulnerability index to high temperature events was developed using advanced age, low income, social isolation and low education. 7 Only one study, conducted in Ontario, targeted older adults, a highly vulnerable subgroup of the population, and includes in its senior vulnerability index, factors specific to this population, namely very old age (75 years and over), frailty, disability, ≥30% of family income on housing, and emergency visits. 13 Major risk factors, such as pre-existing health conditions, medication use and the degree of social connections among individuals within a community, were not included due to insufficient data availability. 7,10-13 Inclusion of major protective factors was also limited by data availability. For example, air conditioning (AC), a highly protective factor, was included in some HVI 10, 11 but not in others. 7, 12, 13 The HVI can be mapped to the study area. Using this method, a substantial geographic variation across census tracts or census block groups has been observed in heat vulnerability in some states in the United States [10] [11] [12] and in the city of Toronto (Ontario, Canada).
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Development of previous HVI usually followed procedures outlined by Reid et al. (2009) . 10 Briefly, a principal components analysis is applied and, for each factor retained, a range of possible values (where higher ones denote higher vulnerability) is assigned and the sum constitutes the HVI. However, this analysis can be quite complex. There is a need for simple and easily computed HVI, encompassing all relevant dimensions (i.e., medical, social and environmental) of heat vulnerability, which could be useful for 1) public health practitioners to locate vulnerable populations and 2) health and social care professionals to identify and protect their most vulnerable clients. Although some of these HVI have been linked with heatrelated health outcomes, mainly mortality, they do not appear to be well-validated tools. The aim of this study was to assess, at small scale, a wide range of risk and protective factors of heat-related outcomes that could occur simultaneously among older adults living in Southern Quebec. Our objectives were to 1) estimate the global frequency of risk and protective factors associated with heat-related health outcomes, 2) examine geographic variation across health regions of these factors and 3) construct a simple Older Adult Heat Vulnerability Index (OAHVI) simultaneously taking into account these factors.
METHODS

Setting
This study was conducted in 3 of the 18 Quebec health regions located in Southern Quebec: Eastern Townships (mix of urban, semi-urban, and rural areas), Montreal (metropolitan area) and Laval (urban area). In 2013, the population and population density (inhabitants/km 2 This secondary cross-sectional study includes all communitydwelling participants still in the cohort at the 1 st follow-up (2005) (2006) residing in Eastern Townships (n = 901), Montreal (n = 471) and Laval (n = 307) health regions; no participants were excluded. At that time, only 6% of participants were lost to follow-up.
Variables
Health Canada Extreme Heat Events Guidelines (2011) provide an up-to-date overview of the national and international literature regarding health impacts of extreme heat. A systematic approach was used to identify factors associated with heat-related morbidity and mortality. 1 All factors examined in the current study were selected from these guidelines and are presented in Figure 1 . Explaining the mechanisms linking these factors to heat-related disorders is beyond the scope of this study. All data, except those relating to material deprivation, living in a UHI or in a coolness island (which were obtained from the Institut national de santé publique du Québec (INSPQ)), were selfreported during in-person interviews with trained nurses or dietitians using validated questionnaires. 20 have been used to assess the presence of depressive symptoms (GDS ≥ 11), cognitive impairment (3MS < 80) and disability in activities of daily living (needing help in ≥1 activity) respectively. Staying in bed for health reasons was measured during the 6-month follow-up phone calls.
Health Conditions
Medication Use
Central nervous system and cardiovascular medication use were classified according to the American hospital formulary system.
Social Factors
Material deprivation was calculated at the dissemination area level (assigned based on the postal code of participant's residence) using the Pampalon deprivation index. 21 Participants in the fifth quintile (Q5) were considered to be living in materially deprived neighbourhoods.
Environmental Factor
Using participants' personal address transformed into unique latitude and longitude, a geomatic specialist of the INSPQ determined whether this localization was in a UHI, a coolness island or neither according to analysis of thermal information from Landsat satellite images.
Protective Factors
Social participation was measured using a 10-item questionnaire scored on a 5-point scale ranging from 1-almost every day to 5-never. Final scores ranged from 10 to 50; a score ≤30 reflected several activities at least once a week to almost daily, indicating high social participation. Visiting places with AC was defined as visiting at least one air-conditioned place almost every day.
Older Adults Heat Vulnerability Index (OAHVI)
The OAHVI was developed to assess the cumulative risk of heatrelated health outcomes. A score ranging from 0 to 9 was calculated from the sum of factors (0 or 1 point/category): physical health disorders, mental health and cognitive disorders, loss of autonomy factor, central nervous system medication use, cardiovascular medication use, social isolation factor, low socioeconomic status (SES) factor, environmental risk factor, and absence of highly protective/protective factor. Higher values reflect elevated heat vulnerability.
Data analysis
As the NuAge sample was stratified for age, sex and region, overall and health region-specific analyses were weighted for age and sex, and weights for regions were also applied for overall analyses. The prevalence of each factor was calculated in the total sample and within each region and corresponds to the valid percentage (no replacement of missing data). Partial nonresponse rates were computed separately for each risk and protective factor (i.e., dividing the number of participants with 
Ethics
The NuAge study has been approved by the ethics committees of the GUIM and GUIS. All participants signed the consent form, including authorization for their data and biological samples to be included in the NuAge Database and Biobank for investigative work by NuAge investigators and their collaborators. The current study has been approved by the ethics committee of the GUIS. Table 1 shows global and health region-specific prevalence of risk and protective factors associated with heat-related outcomes in Southern Quebec. Health conditions and medication use were frequent in our sample (78.3% and 53.6% respectively). Overall, frequency of physical health disorders was higher than that of mental health and cognitive disorders or loss of autonomy, and was more elevated in the Eastern Townships relative to the other regions under study. About 10% of participants had depressive symptoms or took antidepressants, with the highest prevalence observed in Montreal (p = 0.02). More than half of the sample had social risk factors, with major differences between regions. Social isolation was more frequent among Montreal participants, whereas low SES was twice as frequent in the Eastern Townships as in Montreal or Laval. More than a third of participants lived in a UHI in the Eastern Townships and Montreal, compared to only 18.3% in Laval. Having at least one protective factor was frequent overall (69.4%) and significant differences were observed between regions (p < 0.0001). While participants living in Montreal were more likely to report high social participation, visiting places with AC, and talking on the phone daily, a higher proportion of Eastern Townships participants lived in a cooling island. Globally, a median of 3.0 factors per participant was computed, increasing their heat vulnerability, yet significant disparities were observed between regions (p < 0.0001). Figure 2 shows global and regional distributions of the OAHVI score. Having more than one factor increasing heat vulnerability was very common (92.9% Eastern Townships, 87.1% Montreal, 82.7% Laval).
RESULTS
DISCUSSION
Montreal/Laval and Eastern Townships residents were bothered by more than several hot temperature days (i.e., 45 and 34 days respectively) during the 2006-2010 summer seasons. Describing the prevalence of potential factors contributing the most to heat vulnerability is essential in order to inform public health authorities.
Overall, this study showed that heat vulnerability was very common among older adults in Southern Quebec, as the simultaneous presence of several factors increasing vulnerability was observed in most participants.
The most prevalent risk factors were cardiovascular conditions, with approximately 60% of older adults having cardiovascular disease or hypertension and half of them reporting cardiovascular medication use. These prevalences are similar to previous observations in Montreal. 22 Our results show that physical health disorders are five times more prevalent than mental health and cognitive disorders. However, these results might reflect the general good health and autonomy of NuAge participants at baseline. Nevertheless, depressive symptoms were present in 12% of participants, which is similar to previous observations made for the province of Quebec. 23 Clinicians should consider cardiovascular diseases and depression when assessing patients' vulnerability to heat, given that they are frequent, relatively easy to detect, and have been identified as major underlying causes of heat-related mortality in Quebec 4 and elsewhere.
Needing help in activities of daily living (ADL) was prevalent (26.5%) and much higher than proportions reported in surveys for the province of Quebec among individuals aged 65 years and older (range 2.2%-6.29%). 24 However, ADL disabilities were selfreported in these surveys while the SMAF is based on a clinical evaluation of functional autonomy, including disabilities and handicaps. Knowing that older adults tend to overestimate their level of functioning, 25 clinical assessment, rather than selfreported information, is needed to adequately assess this risk factor. Presence of disability in self-care could translate to difficulties in taking appropriate actions to prevent heat-related health issues, such as voluntary hydration or effective cooling. 1 Living alone was highly prevalent (39.2%) in this study sample and, as previously reported, prevalence varies greatly according to regions, 26 with the highest proportion in Montreal, 22 highlighting the need for region-tailored prevention strategies. About a third (34.7%) of our participants were living in a UHI. In 2011, 18.7% of the adult population, including older adults, were living in a UHI in Sherbrooke (main city in Eastern Townships). 27 Thus, the likelihood of living in a UHI may vary greatly according to place of residence and possibly by age. Our study also suggests that this factor is not solely related to the level of urbanization, since our results show similar proportions of participants living in a UHI in the Eastern Townships and Montreal, despite important differences in residential density between these areas. UHIs more frequently occur in large cities; however, they can form over any built-up area, 1 depending on climatic, energetic, geographic, morphologic, politic and structural factors. 28 This study showed that heat vulnerability varied by health region and was mainly due to social and environmental factors rather than medical conditions. To our knowledge, this is the first study examining variation of a wide range of risk and protective factors at a small scale. The important and numerous disparities observed between regions in several potential predictors of heat-related outcomes support the need for smallscale assessment of heat vulnerability among older adults.
Examination of the OAHVI developed for this study showed that simultaneous presence of risk factors (or absence of protective factors) was the norm among study participants. A median of 3.0 factors per participant was observed, suggesting heat vulnerability; however, this varied significantly across the three regions investigated. Using mainly social and environmental predictors, spatial clustering of heat vulnerability has been observed in the US [10] [11] [12] and Canada. 13 The predictive validity of the OAHVI should be examined in further studies in relation to heat morbidity or mortality. Once validated, this index would be useful in clinical settings to identify heatvulnerable older adults and implement intensive interventions among these high-risk individuals.
Strengths
Based on a large representative sample of older adults living in Southern Quebec, with a very low rate of loss to follow-up (6%), our findings contribute to current knowledge on global and Global participation rate was 58.6%. Non-responders were more likely to be older and living in a metropolitan area. This might have led to underestimation of the prevalence rates of risk and protective factors globally (e.g., medical factors which may be more frequent with advanced age) and among the Montreal/ Laval subsample.
Furthermore, no data were available on AC at home (highly protective factor in Health Canada guidelines). However, this protective factor was indirectly considered through the inclusion of the low family household income variable. Indeed, Quebecers with a lower household income (<$20,000) are 1.3 to 2.8 times less likely to have AC at home compared to their more affluent counterparts (household income ≥$80,000).
27,29 AC utilization might be less frequent among low SES persons due to purchase and operation costs. 12 Other heat-related factors were not available in the NuAge database, such as living on the top floor of a building, history of heat stroke/illness and lack of or improper acclimatization. 1 Finally, as our sample is composed of generally healthy community-dwelling older adults residing in private households in the Eastern Townships, Montreal and Laval, generalizability of our results to other contexts might be limited.
CONCLUSION
Risk and protective factors associated with heat-related health outcomes were prevalent among older adults in Southern Quebec, and the vast majority of respondents presented multiple factors. Heat vulnerability also varied according to health regions. Our proposed OAHVI should be tested further by linking it to heat-related morbidity or mortality data in order to evaluate its predictive validity. RÉSULTATS : Quatre-vingt-dix pour cent des participants présentaient ≥1 facteur de risque, les plus fréquents étant la médication cardiovasculaire (50,8%), l'hypertension (46,7 % ), vivre seul (39,2 % ), les maladies cardiovasculaires (36,9 % ), vivre dans un îlot de chaleur urbain (34,7 % ) et le besoin d'aide dans les activités de la vie quotidienne (26,5 % ) . Les deux tiers des participants présentaient ≥1 facteur de protection, le plus fréquent étant de parler au téléphone tous les jours (70,9 % ). La vulnérabilité à la chaleur variait grandement selon la région et cette variation était principalement attribuable à des facteurs sociaux et environnementaux plutôt qu'à des facteurs médicaux. Selon l'IVCA, 87,2 % des participants cumulaient ≥2 facteurs (médiane = 3,0 facteurs/participant).
CONCLUSION : Nos résultats appuient la nécessité d'évaluer la vulnérabilité à la chaleur à une échelle régionale. Cette étude pourrait aider les parties prenantes à lutter contre les maladies liées à la chaleur et à développer des programmes de prévention adaptés aux différentes régions.
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